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Abstract. Chromophobe renal cell carcinoma (ChRCC) is a 
rare type of kidney cancer that is generally associated with 
a favorable prognosis. By contrast, RCC with sarcomatoid 
transformation exhibits a more aggressive clinical course, 
with its pathogenesis remaining largely unclear. The present 
study reports a case of ChRCC with sarcomatoid changes. A 
54‑year‑old woman presented to the Department of Urology 
for evaluation of an incidentally detected left renal mass. 
Histological examination of the resected tumor revealed 
two distinct components: One with conventional ChRCC 
morphology and the other comprising highly pleomorphic, 
poorly differentiated cells. Next‑generation sequencing of 
the two components revealed chromosomal losses in multiple 
chromosomes and variations in the RNF46 gene. Based on 
these findings, a final diagnosis of ChRCC with sarcomatoid 
changes was made. Although the two components shared some 

genetic changes, differences were also noted. The sarcomatoid 
area change carried chromosomal gain, single nucleotide 
variants and MET fusion compared with the conventional 
ChRCC component. Furthermore, while programmed cell 
death ligand 1 expression was negative in the conventional 
ChRCC component, >10% of the tumor cells in the sarcoma‑
toid component were positive. Overall, the present case reveals 
novel genetic and immunohistochemical features of ChRCC 
with sarcomatoid changes.

Introduction

Chromophobe renal cell carcinoma (ChRCC) is a rare type 
of RCC, accounting for 5‑7% of RCCs cases (1). ChRCC has 
a favorable prognosis compared with other RCC subtypes, 
including clear‑cell RCC and papillary RCC  (1). ChRCC 
originates from intercalated cells of the renal cortex, but 
sarcomatoid changes can occur in 2‑8% of ChRCC cases. The 
presence of sarcomatoid changes in ChRCC significantly alters 
its clinical behavior, transforming it into a highly aggressive 
variant with a poor prognosis (2).

Sarcomatoid changes may occur in any RCC subtype, 
leading to the appearance of spindle‑shaped pleomorphic 
cells that resemble sarcomas. These histological transforma‑
tions are associated with rapid disease progression, increased 
metastatic potential and resistance to conventional therapies. 
While sarcomatoid changes are well documented in clear‑cell 
and papillary RCC, their occurrence in ChRCC is rare and not 
fully understood (3).

The present study reports a case of ChRCC with sarco‑
matoid changes, highlighting distinct histopathological, 
genetic and immunohistochemical features. Through detailed 
next‑generation sequencing (NGS) analysis, we aimed to 
identify the molecular changes responsible for this trans‑
formation. Analyzing the genetic alterations and immune 
profiles of sarcomatoid transformation in ChRCC may 
enhance therapeutic strategies and improve outcomes in 
affected patients.
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Case report

A 54‑year‑old woman with no significant medical or family 
history presented to the Urology Department (Jeonbuk 
National University Hospital, Jeonju, South Korea) in February 
2023 for evaluation of an incidentally detected left renal mass. 
Laboratory results were within normal ranges: Serum tumor 
markers, α‑fetoprotein at 2.72 ng/ml (normal <7.0 ng/ml), 
carcinoembryonic antigen at 1.8 ng/ml (normal <5.2 ng/ml), 
carbohydrate antigen (CA) 19‑9 at 9.0 U/ml (normal <34.0 U/ml) 
and CA125 at 28.4 U/ml (normal <35.0 U/ml). Computed 
tomography of the abdomen revealed a large left renal mass 
measuring 13x10 cm in maximum dimensions, with hetero‑
geneous enhancement and irregular margins (Fig. 1A). The 
patient underwent an open radical nephrectomy for diagnosis 
and treatment.

Gross examination of the specimen revealed a tumor 
measuring 14.2x9.8  cm with two distinct components: 
A yellowish hard lesion (Fig.  1B; white arrow) and a 
white‑grayish soft lesion (Fig. 1B; black arrow). The tumor 
exhibited an irregular margin and revealed a possible invasion 
into perinephric fat and adrenal tissue. For histopathological 
analysis, the resected specimen was fixed in 10% neutral 
buffered formalin at room temperature for 24 h. After fixa‑
tion, the specimen was processed and embedded in paraffin. 
Each section was cut at 4 µm thickness using a microtome 
and mounted on glass slides. Hematoxylin and eosin (H&E) 
staining was performed with hematoxylin staining for 3 min 
at room temperature, followed by eosin staining for 7 min at 
room temperature. All stained sections were observed under 
a light microscope. On histology, the yellowish hard lesion 
showed morphological features typical of ChRCC (Fig. 1C), 
while the white‑grayish soft lesion showed large cells with 
marked nuclear pleomorphism and bizarre mitotic figures 
(Fig. 1D). The tumor cells had invaded the perinephric fat 
and adrenal glands (Fig. 1E). In a limited area, some foci 
showed a transition between lesion 1 and lesion 2 (Fig. 1F). 
The conventional and poorly differentiated ChRCC compo‑
nents exhibited contrasting immunohistochemical and special 
staining patterns. Staining was performed using an automated 
immunostainer (BenchMark ULTRA; Ventana Medical 
Systems, Inc.) according to the manufacturer's protocol. Tissue 
sections were fixed in 10% neutral buffered formalin at room 
temperature for 24 h, processed routinely and embedded in 
paraffin. Sections were cut at a thickness of 4 µm and mounted 
on glass slides. All primary antibodies used were ready‑to‑use 
products provided by the manufacturer (Roche); therefore, 
no dilution was required. All staining steps, including 
deparaffinization, antigen retrieval, blocking, antibody incu‑
bation and detection, were carried out automatically under 
pre‑optimized and standardized conditions according to the 
manufacturer's instructions. Hematoxylin was applied as a 
counterstain for 5 min at room temperature. All stained slides 
were examined using a light microscope. The conventional 
ChRCC component was positive for Keratin‑7 (KRT‑7; cat. 
no. 790‑4462; Roche Tissue Diagnostics), KIT (CD117; cat. 
no. 790‑7061; Roche Tissue Diagnostics) and pan‑cytokeratin 
(cat. no. 760‑2595; Roche Tissue Diagnostics) and negative for 
vimentin (cat. no. 760‑2917; Roche Tissue Diagnostics), with 
positive staining for Hale's colloidal iron (cat. no. 860‑009; 

Roche Tissue Diagnostics). All immunohistochemical 
staining was performed using a Ventana BenchMark ULTRA 
immunostainer (Roche Tissue Diagnostics) according to 
the manufacturer's protocols. Chromogenic detection was 
performed using the OptiView DAB IHC Detection Kit (cat. 
no.  760‑700; Roche Tissue Diagnostics), which contains 
biotinylated secondary antibody, streptavidin‑HRP conjugate 
and DAB substrate. By contrast, the poorly differentiated 
components displayed the opposite staining pattern. However, 
focal KRT expression was observed in certain tumor cells 
within the poorly differentiated component (Fig.  2A‑F). 
Targeted NGS‑based genomic profiling was performed for 
the two components. Targeted NGS was performed using 
formalin‑fixed, paraffin‑embedded (FFPE) tumor tissues. 
H&E‑stained slides were reviewed and the tumor area with 
sufficient viable tumor cells was marked for use as a guide 
for macrodissection. Tumor areas with >50% tumor cells were 
used for molecular examination. In brief, total nucleic acid 
was extracted from FFPE tissue using RecoverAll™ Total 
Nucleic Acid Isolation Kit (Ambion; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions. Library 
preparation for the Oncomine® Comprehensive Assay Plus 
(Thermo Fisher Scientific, Inc.), which covers 2,737 amplicons 
(2,530 DNA + 207 RNA) within 143 cancer‑related genes, 
was performed. An IonTorrent S5 XL platform was used 
for sequencing according the manufacturer's specifications. 
The percentage of covered amplicons was 95%. Reads were 
aligned to the hg19 reference genome and variants with allele 
frequencies <3% were excluded. Both lesions shared an inser‑
tion‑deletion (indel) variant, RNF46 (c.349_350delCGinsA, 
p.Arg117ThrfsTer41). Copy number analysis identified iden‑
tical chromosomal losses in lesions 1, 2, 6, 10, 13, 15, 17, 21 
and X. Based on these findings, the pathological diagnosis 
confirmed ChRCC with sarcomatoid changes.

While the two components shared some genetic altera‑
tions, there were significant differences. The sarcomatoid 
component displayed distinct genetic features absent in the 
conventional ChRCC component. Copy number analysis iden‑
tified chromosomal gains on chromosomes 1, 2, 6, 10, 13, 15, 
17, 21 and X, contrasting with the chromosomal losses found 
in the ChRCC component (Fig. 3A and B). Additional genomic 
alterations included single nucleotide variants and indels 
in TP53 (c.1176_1179delAGAC, p.Ter394IlefsTer27), TSC2 
(c.1675G>A, p.Asp559Asn), NF1 (c.60+1G>A, p.?), CDKN1B 
(c.384_385insAG, p.His129SerfsTer17) and MET‑CAPZA2 
fusion mutation. These data have been uploaded to Jeonbuk 
National University Hospital repository.

To assess the immunotherapeutic potential, immuno‑
histochemical staining for programmed cell death ligand 1 
(PD‑L1; cat. no. 790‑4905; Roche Tissue Diagnostics) was 
performed. Chromogenic detection was performed using the 
OptiView DAB IHC Detection Kit (cat. no. 760‑700; Roche 
Tissue Diagnostics), which contains biotinylated secondary 
antibody, streptavidin‑HRP conjugate and DAB substrate. 
Immunohistochemical staining for PD‑L1 was performed 
using an automated immunostainer (BenchMark ULTRA; 
Ventana Medical Systems, Inc.) according to the manufacturer's 
protocol. Tissue sections were fixed in 10% neutral buffered 
formalin at room temperature for 24 h, processed routinely 
and embedded in paraffin. Sections were cut at a thickness 
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of 4 µm and mounted on glass slides. All primary antibodies 
used were ready‑to‑use products provided by the manufacturer 
(Roche); therefore, no dilution was required. All staining steps, 
including deparaffinization, antigen retrieval, blocking, anti‑
body incubation and detection, were carried out automatically 
under pre‑optimized and standardized conditions according 
to the manufacturer's instructions. Hematoxylin was applied 

as a counterstain for 5 min at room temperature. All stained 
slides were examined using a light microscope. The ChRCC 
component was negative for PD‑L1, whereas the area showed 
≥10% positivity (Fig. 2G and H).

Following diagnosis, the patient underwent chemotherapy 
with nivolumab and cabozantinib. The patient received 
chemotherapy with cabozantinib 40 mg (orally) and nivolumab 

Figure 1. Radiological and histopathological findings of chromophobe renal cell carcinoma with sarcomatoid change. (A) Computed tomography demonstrated 
a 13 cm‑sized mass in the upper pole of left kidney (white arrow). (B) The resected specimen revealed irregular margined tumor measuring 14.2x9.8 cm. 
The tumor consisted of following two components: Yellowish hard lesion (black arrow, lesion 1) and white‑grayish soft lesion (white arrow, lesion 2). 
(C) Chromophobe renal cell carcinoma consisted of the tumor cells are arranged in solid sheets, separated by hyalinized vascular septa. Hyperchromatic 
nuclei and the presence of perinuclear haloes are characteristic (H&E; magnification, x200). (D) Sarcomatoid component showed large‑sized cells with marker 
nuclear pleomorphism and bizarre mitotic figures (H&E; magnification, x200). (E) Sarcomatoid component invaded the adrenal gland (H&E; magnification, 
x200). (F) The transition between chromophobe renal cell carcinoma component and sarcomatoid component was identified (H&E; magnification, x200). 
H&E, hematoxylin and eosin.
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Figure 2. Immunohistochemical findings of chromophobe renal cell carcinoma with sarcomatoid change. Chromophobe renal cell carcinoma showed strong 
positivity for (A) KRT7 and (B) Hale's colloidal iron stain (magnification, x200). Chromophobe renal cell carcinoma and sarcomatoid component showed 
opposing staining for (C) KIT (CD117) and (D) vimentin (magnification, x100). KRT showed (E) diffuse strong positivity in the chromophobe renal cell 
carcinoma component (magnification, x100) and (F) focal positivity in the sarcomatoid component (magnification, x200). Staining for programmed cell 
death ligand 1 revealed that expression was (G) negative in the chromophobe renal cell carcinoma component and (H) positive in the sarcomatoid component 
(magnification, x200). KRT, keratin.
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240 mg (orally). After treatment for 2 consecutive days, the 
patient exhibited symptoms of colitis and immune‑mediated 
pneumonitis. Despite adjuvant chemotherapy, the tumor 
progressed and metastasized to multiple organs, including the 
lungs, liver, bones and lymph nodes. The patient's condition 
rapidly deteriorated due to hypercalcemia caused by multiple 
metastasis, and the patient died in April 2023.

Discussion

ChRCC was first identified as a distinctive subtype of RCC by 
Thoenes in 1985 (4). ChRCC is uncommon subtype with gener‑
ally favorable prognosis compared to clear‑cell RCC or papillary 
RCC, exhibiting a 5‑year survival rate of 78‑100% and a 10‑year 
survival rate of 80‑90% (5). However, sarcomatoid differentiation 
significantly alters its clinical course transforming ChRCC into 
an aggressive variant with poor outcomes (2). Although docu‑
mented across all RCC subtypes, sarcomatoid transformation 
remains poorly understood in ChRCC because of its rarity. The 
present case highlights the histopathological, genetic and immu‑
nohistochemical differences between conventional ChRCC 
and its sarcomatoid counterparts and provides insights into the 
molecular changes that drive sarcomatoid transformation.

In the present case, the coexistence of two distinct tumor 
components, one conventional ChRCC and the other sarcoma‑
toid, along with the presence of a transitional area, suggested 
that sarcomatoid transformation arose from pre‑existing 
ChRCC cells by acquiring additional molecular alterations 
that drive aggressive behavior. NGS analysis revealed that both 
components shared certain genetic changes such as the RNF46 
variant and chromosomal loss, whereas the sarcomatoid 

component exhibited additional distinct genetic alterations. 
The conventional ChRCC component exhibited loss of chro‑
mosomes 1, 2, 6, 10, 13, 15, 17, 21 and X. Among these, the loss 
of chromosomes 1, 2, 6, 10 and 17 are recognized as hallmarks 
of ChRCC (6,7). The NGS analysis revealed that additional 
alterations in the sarcomatoid component were chromosomal 
gains detected in chromosomes 3, 5, 7, 9, 12, 13, 14, 19, 22 and X. 
These chromosomal gains have also been reported in previous 
literature on sarcomatoid ChRCC, suggesting that they may 
contribute to the sarcomatoid transformation of ChRCC (7). 
Additionally, in the sarcomatoid component, mutations in key 
tumor suppressor genes such as TP53, TSC2 and NF1 were 
observed, along with the detection of a MET‑CAPZA2 fusion. 
These mutations could open possibilities for the sarcomatoid 
differentiation of ChRCC component.

The MET gene, encoding a tyrosine kinase receptor in the 
hepatocyte growth factor/scatter factor pathway, is implicated 
in various oncogenic processes, including cell proliferation, 
angiogenesis, invasion and metastasis  (8,9). Among MET 
alteration, MET fusions have been identified as oncogenic 
drivers in various cancers, such as lung cancer, glioma, 
colorectal cancer and cholangiocarcinoma (10). In RCC, MET 
alterations, particularly MET exon 14 skipping mutations and 
MET amplifications, have been associated with sarcomatoid 
transformation and poor prognosis (11). However, to the best 
of our knowledge, no studies have reported MET fusion in the 
sarcomatoid transformation of ChRCC at present. The present 
study's identification of the MET‑CAPZA2 fusion in the sarco‑
matoid component suggests that aberrant MET activation may 
play a key role in driving the aggressive phenotype observed 
in this case.

Figure 3. Next‑generation sequencing of chromophobe renal cell carcinoma with sarcomatoid differentiation. (A) In the chromophobe renal cell carcinoma 
component, copy number analysis identified chromosomal loss in chromosomes 1, 2, 6, 10, 13, 15, 17, 21 and X. (B) The sarcomatoid differentiation component 
exhibited distinct genetic features not seen in the chromophobe renal cell carcinoma component. Copy number analysis identified chromosomal gains in 
chromosomes 1, 2, 6, 10, 13, 15, 17, 21 and X.
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AHN et al:  ChRCC WITH SARCOMATOID CHANGE: A CASE REPORT6

In addition, in the present case, the TP53 mutation was 
exclusively detected in the sarcomatoid component. TP53 is 
a well‑known tumor suppressor gene that regulates cell cycle 
arrest, DNA repair and apoptosis. Loss‑of‑function TP53 
mutations are commonly associated with high‑grade, undif‑
ferentiated and aggressive tumors, as they lead to increased 
genomic instability, uncontrolled cell proliferation and resis‑
tance to apoptosis (12). In RCC, TP53 mutations are frequently 
observed in sarcomatoid dedifferentiation and are associated 
with poor prognosis and resistance to immune checkpoint 
inhibitors (13,14).

The sarcomatoid component in the present case harbored 
additional alterations in TSC2 and NF1, both of which are 
tumor suppressor genes involved in the mTOR and RAS 
signaling pathways, respectively (15,16). TSC2 mutations can 
lead to constitutive mTOR activation, driving cellular prolif‑
eration and metabolic reprogramming, which contribute 
to an aggressive tumor phenotype  (15). Meanwhile, NF1 
mutations disrupt the negative regulation of the RAS‑MAPK 
pathway, promoting tumor growth and invasion. Loss of NF1 
has also been associated with resistance to targeted therapies, 
further highlighting the treatment challenges in sarcomatoid 
RCC (16).

Studies have demonstrated that targeting MET fusions 
with selective MET tyrosine kinase inhibitors (TKI) 
such as savolitinib and crizotinib can be effective in 
various cancers, including non‑small cell lung cancer and 
other solid tumors (17). For example, patients with MET 
fusion‑positive tumors, including lung and hepatobiliary 
cancers, respond to crizotinib in clinical trials  (10,18). 
These findings support the potential of MET TKIs in the 
treatment of MET fusion‑driven cancers and reinforce their 
role in precision medicine. Management of ChRCC with 
sarcomatoid changes based on genetic alterations has not yet 
been standardized. Although MET fusion was identified in 
the present case, we were unable to use TKIs for treatment. 
However, we hypothesize that targeted therapies against 
MET should be considered as future treatment strategies for 
sarcomatoid ChRCC, although such approaches need to be 
fully explored in clinical trials. The heterogeneity of MET 
alterations influences sensitivity to MET TKI and also serve 
as a predictive biomarker for improving patient selection. 
A previous study highlighted the pivotal role of the MET 
pathway in RCC and provide a comprehensive review of 
clinical data on multiple drugs targeting the MET pathway. 
Combination strategies of MET TKI and immune check‑
point inhibitors could lead to sustained and deep responses 
in RCC (19).

Another important finding in the present case was the 
differential expression of PD‑L1 between conventional 
ChRCC and the sarcomatoid components. PD‑L1 positivity 
in >10% of sarcomatoid tumor cells suggests that immune 
checkpoint inhibitors such as nivolumab may be potential 
therapeutic options  (20). Aberrant PD‑L1 expression is 
associated with high‑grade histology such as sarcomatoid 
differentiation. A previous study has shown that sarcomatoid 
components exhibit higher PD‑L1 expression than non‑sarco‑
matoid components (21). The present case is similar to those 
of previous studies (20,21). In the present case, the ChRCC 
component was negative for PD‑L1, whereas the sarcomatoid 

comoponent showed ≥10% positivity. Aberrant PD‑L1 
expression in the sarcomatoid component could indicate 
the biological distinctiveness of sarcomatoid differentiation 
and could have potential therapeutic implications. Because 
previous studies suggest that higher PD‑L1 expression is asso‑
ciated with a higher histological grade in RCC, it is important 
to compare the immune checkpoint marker such as PD‑L1 
between the classical RCC component and the sarcomatoid 
component specifically (22). However, in the present study, 
despite the use of nivolumab, the patient's tumor continued 
to progress, leading to multiple organ metastases and death 
within 1 month. This rapid progression highlights the aggres‑
sive nature of sarcomatoid ChRCC and suggests that while 
immune checkpoint inhibitors may offer some benefits, 
they may not be sufficient as a monotherapy, particularly in 
advanced or metastatic cases.

The current patient's poor response to combination therapy 
with nivolumab and cabozantinib underscores the need for 
further research on more effective treatment strategies for 
sarcomatoid ChRCC. A previous review article reported that 
combination therapy using cabozantinib and nivolumab can 
make treatment more complex by causing an immunosup‑
pressive state and drug toxicity (23). This could be possible 
explanation for the present patient's poor response to combi‑
nation therapy. Due to the molecular heterogeneity observed 
between the conventional and sarcomatoid components, a 
more personalized therapeutic approach targeting specific 
genetic alterations and immune profiles may be necessary to 
improve outcomes in patients with this aggressive variant of 
RCC. For instance, the combination of immune checkpoint 
inhibitors with targeted therapies against MET, TP53 and other 
genetic alterations identified in sarcomatoid ChRCC should be 
explored in future studies.

In conclusion, the present case highlights the unique 
molecular and immunohistochemical characteristics of 
ChRCC with sarcomatoid transformation. The distinct genetic 
differences between the two components emphasize the 
complex molecular landscape of this tumor and highlight the 
challenges in treating sarcomatoid ChRCC. Further research is 
needed to better understand the mechanisms driving sarcoma‑
toid transformation and to develop more effective and tailored 
therapeutic strategies for patients with this rare and aggressive 
form of RCC.
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